espite intense research efforts, the specific pathogenic mechanisms that underlie the link between respiratory syncytial virus (RSV) and childhood asthma remain unclear. 1, 2 Recent researches suggest that changes in the structure and function of the nerves themselves in response to changing conditions, a phenomenon known as neuronal plasticity, may also contribute to the pathophysiology of airway diseases. 3 Therefore in the present study we developed a model of RSV infection in Sprague-Dawley (SD) rats and measured the neuronal plasticity and the airway responsiveness after a period of the viral infection. We also assessed the protective effect of a polyclonal antibody specific for the rat nerve growth factor (NGF) against RSV-induced neuronal plasticity and the airway responsiveness. Finally, we compared the expression of key substances of neuronal plasticity, synaptophysin (SYN) and neurofilament (NF), with airway responsiveness.
METHODS

Animals and RSV preparation
Fifteen 2-week-old SD rats (weighing 12.8-15.6 g, Animal Experiment Center of Xiangya Medical College, Central South University, China) were randomly assigned into three groups (n=5 in each group). ① Control group: rats were inoculated intranasally with virus-free medium and injected intraperitoneally with vehicle each week. ② RSV-infected group: rats were inoculated intranasally with RSV (0.4 ml/kg in each nostril, 5×10 4 TCID 50 /0.1 ml; Institute of Virology, Wuhan, China) and injected intraperitoneally with vehicle each week. ③ Anti-NGF group: rats were injected intraperitoneally with RSV (0.4 ml/kg in each nostril, 5 × 10 4 TCID 50 /0.1 ml) and goat anti-rat NGF antibody (1:1000, 0.4 ml/kg; R&D, USA) each week.
Doses of anti-NGF treatment were chosen on the basis of previous studies and RSV suspensions were prepared as described previously. 4
Airway responsiveness
The rats were tested airway responsiveness preoperatively at 8 weeks of age and the left lung was removed for hematoxylin and eosin, immunohistochemistry staining and immunoelectron microscopy scan. For the measurement of airway responsiveness to histamine, the rats were anaesthetized by intraperitoneal injection of pentobarbital sodium (50 mg/kg) 1 week after the final challenge. A metallic tube of 2 mm internal diameter was inserted into the trachea. After measurement of baseline airway resistance (R aw ) while the animals were inhaling PBS for one minute, histamine was given in progressively doubling doses from 0.01 mg/ml for one minute at each dose. Airway pressure was measured at a side arm of the tracheal cannula, and a flow signal was obtained from a pneumotrachograph connected with the cannula. 5
Immunohistochemistry
Sections were deparaffinized in xylene and rehydrated through graded ethanol to distilled water. Sections were stained with goat anti-RSV antibody (1:100, Abcam, UK), mouse anti-synaptophysin antibody (1:100, Neomarkers, USA) or mouse antineurofilament 200 kDa and 68 kDa antibody (1:100, Neomarkers, USA) overnight. The slides were next D incubated with the appropriate secondary antibody conjugated to biotin and then with streptavidinhorseradish peroxidase (ABC staining system; Vector Laboratories, USA). Color was developed with 3-amino-9-ethylcarbazole (AEC) as the substrate.
Immunoelectron microscopy
The specimens were embedded and cut into 50-µm thick serial sections with a microslicer at 4°C. Immunohistochemistry was performed with these sections as mentioned above. Primary antibodies were mouse anti-synaptophysin antibody (1:30, Neomarkers, USA). After exposure to DAB solution, the sections were postfixed and embedded. Ultrathin sections (60-80 nm) made using an ultramicrotome were stained with 1% uranyl acetate and lead citrate and were observed under a transmission electron microscope.
Statistical analysis
Results were presented as mean ± standard deviation (SD). Differences between two groups were compared by analysis of variance (ANOVA). The correlation between R aw when inhaling histamine of 0.08 mg/ml and the expression of NF and SYN in the airway was analyzed by means of Pearson regression analysis. A P value less than 0.05 was regarded as statistically significant.
RESULTS
Inflammatory response and the presence of RSV in the airway
Immunoperoxidase staining with anti-RSV antibody performed on lung sections from RSV-infected group revealed the presence of RSV antigens on the membranes and in the cytoplasm of bronchiolar epithelial cells. No virus was detected in the airways of control group. The histopathological changes in the airway of RSV-infected group consisted of a predominantly mononuclear cell infiltration in the bronchiolar mucosa. The histopathological changes in the airway of anti-NGF group consisted of a moderate mononuclear cell infiltration in the bronchiolar mucosa. No significant pathological changes were noted in the lungs of control group.
Expression of SYN and NF in the airway
The level of SYN in the airway of RSV-infected group was higher than that in control group (P<0.05). SYN levels from the airway of anti-NGF group were significantly lower than that in RSV-infected group (P<0.05) and was higher than that in control group (P<0.05). The level of NF in the airway of RSV-infected group was higher than that in control group (P<0.05). NF levels from the airway of anti-NGF group were significantly lower than that in RSV-infected group (P<0.05) and were similar to control group (P>0.05, Fig. 1 ).
Expression of SYN in the airway by immunoelectron microscopy
SYN immunoreactive DAB particles were specifically observed in the nerve terminals and associated with the membranes of synaptic vesicles. There was a little DAB reaction products localized in the nerve terminals of control group. The expression of SYN in the nerve terminals increased significantly in the RSV-infected group and decreased in the anti-NGF group. Other organelles in the nerve terminal were negatively labeled (Fig. 2) .
Airway responsiveness to histamine
As shown in Table, the airway resistance to histamine was significantly increased in the RSV-infected group compared with that in the control group. However, this airway hyperresponsiveness to histamine was inhibited by treatment with anti-NGF antibody (P<0.05, respectively).
Correlation between R aw and the expression of NF and SYN
There was a significant correlation between R aw and the expression of SYN in the RSV-infected group (r = 0.887, P < 0.05) and the anti-NGF group (r = 0.920, P < 0.05).
There was not a significant correlation between R aw and the expression of NF in the RSV-infected group (r = 0.207, P>0.05) and that in the anti-NGF group (r = 0.397, P>0.05).
DISCUSSION
Though compelling epidemiologic and laboratory evidence derived from animal models as well as clinical studies of induced RSV infections supports the concept that RSV infections can cause airway hyperresponsiveness, 6,7 one of the key features of Recruitment of inflammatory cells to the airway, as seen in asthma and in antigen-sensitized animals, provides a source of neurotrophins such as NGF and brain-derived neurotrophic factor (BDNF), which are prime candidates as mediators of neuronal plasticity. 3 In the experiment, anti-NGF antibody almost totally inhibits NF upregulation in RSV-infected lungs. These data indicate that NGF has an essential role to the NF upregulation in RSV-infected lungs. SYN localizes exclusively at the region occupied by synaptic vesicles. 8 In the experiment, anti-NGF antibody inhibited SYN upregulation in RSV-infected lungs, but the contents of SYN were still higher compared with that in normal control. These data indicate that NGF may be only one of the mechanisms underlying the contribution of RSV in the expression of SYN.
Our findings show there was a significant correlation (r = 0.887, P < 0.05) between airway resistance and the expression of SYN in the RSV-infected group, suggesting that RSV infection may also exert long-term effect on airway reactivity by changing the neuronal plasticity in the respiratory tract. That may be the relationship between early RSV infection and later development of asthma in some children.
In summary, RSV-infected SD rats may occur neuronal plasticity in the airways characterized by the expression of NF and SYN, and these changes may have close relationship with airway hyperresponsitivity induced by RSV infections. Furthermore, NGF had an essential role in it.
Studying the mechanisms and consequences of airway neuronal plasticity will elucidate the links among viral infection, airway hyperresponsiveness and asthma.
